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PHOTOVOLTAIC DEVICE AND METHOD
FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2008-0104295 filed 1n the

Korean Intellectual Property Office on Oct. 23, 2008 and
Korean Patent Application No. 10-2008-0110615 filed 1n the
Korean Intellectual Property Office on Nov. 7, 2008, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE

INVENTION

(a) Field of the Invention

The present invention relates to a photovoltaic device and a
manufacturing method thereof.

(b) Description of the Related Art

A solar cell 1s one kind of photovoltaic device for convert-
ing light energy into electrical energy, and 1s used as a core
clement for developing solar light. The solar cell 1s a diode
consisting of a PN junction, and may be classified into various
kinds according to the material used as a light absorption
layer.

A solar cell using silicon as the light absorption layer may
be classified as a crystalline (monocrystalline and polycrys-
talline) solar cell, a substrate solar cell, and a thin film (crys-
talline and amorphous) solar cell. Also, a representative solar
cell may be a compound thin film solar cell using CIGS
(CulnGaSe2) or CdTe, a III-V group solar cell, adyeresponse
solar cell, and an organic solar cell.

The thin film solar cell 1s formed by coating a film onto a
substrate based on thin glass or plastic. With the common thin
film solar cell, the diffusion distance of carriers 1s very short
due to the characteristic of the thin film compared to that of
the crystalline silicon solar cells, and 1f it 1s fabricated only
with the PN junction structure, the collection efficiency of
clectron-hole pairs generated by the sunlight 1s significantly
lowered. Therefore, the thin film solar cell has a PIN structure
where an 1ntrinsic semiconductor-based light absorbing layer
with high light absorption 1s interposed between the P-type
and N-type semiconductors. The common thin film solar cell
has a structure where a front transparent conductive film, a
PIN layer, and a rear reflective electrode layer are sequen-
tially deposited on a substrate. In this structure, the light
absorbing layer 1s depleted due to the overlying P and under-
lying N layers with a high doping concentration so that an
clectric field 1s generated therein. As a result, among the
carriers generated 1n the light absorbing layer by sunlight, the
clectrons are collected at the N layer and the holes at the P
layer by way of drift of the internal electric field, thereby
generating an electric current.

However, when the PIN layer 1s formed in the vertical
direction, several laser patternings are executed to the cells
when connecting the electrodes of the P layer and the N layer
of different cells such that layer damage may be generated
and a remaiming layer 1s generated on the side, thereby gen-
erating pattern deterioration. Accordingly the efficiency of
the solar cell may be reduced.

The above information disclosed 1n this Background sec-
tion 1s only for enhancement of understanding of the back-
ground of the invention and therefore 1t may contain infor-
mation that does not form the prior art that 1s already known
in this country to a person of ordinary skill 1n the art.
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2
SUMMARY OF THE INVENTION

Accordingly, the present invention improves an interface
characteristic of a solar cell, and increases photovoltaic effi-
ciency thereof.

Also, the present invention improves photo-etficiency by
connecting neighboring light absorption layers, suppresses
the generation of a lateral leakage current, and improves
durability of connection electrodes formed on the light
absorption layers.

A photovoltaic device according to an embodiment of the
present invention includes: a substrate; a first conductive
layer formed on the substrate; P layers and N layers alter-
nately formed according to a first direction on the first con-
ductive layer; and I layers covering the P layers and the N
layers on the first conductive layer, wherein the P layers and
the N layers are separated from each other by a first interval,
the I layers are formed between the P layers and the N layers
that are separated by the first interval, and the P layers, the I
layers, and the N layers formed according to the first direction
form umnit cells.

The first direction may be the same as a direction 1n which
carriers are moved.

r

T'he first interval may be in the range of 0.3 um to 2 um.

-

T'he unit cells formed according to the first direction may
be electrically connected to each other through the first con-
ductive layer.

The unit cells formed according to the first direction may
be separated from each other by a second 1nterval that 1s wider
than the first interval.

A depletion layer formed between the unit cells separated
by the second interval may be further included.

The unit cells formed on the substrate may be arranged 1nto
a plurality of columns according to the first direction, and unit
cells arranged 1n neighboring columns are separated by a
third 1nterval that 1s wider than the first interval.

The P layers and the N layers may include at least one of
amorphous silicon (a-Si1), micro-crystalline silicon (mc-S1),
and amorphous silicon carbide (a-Si1C).

The I layers may be made of amorphous silicon (a-S1) or
amorphous silicon germanium (a-Si1Ge).

The first conductive layer may be made of a transparent

conductive layer or a retlective layer.

A second conductive layer formed on the I layers may be
turther included.

A manufacturing method of a photovoltaic device accord-
ing to another embodiment of the present invention includes:
forming a conductive layer on a substrate; alternately forming
P layers and N layers according to a first direction on the
conductive layer; patterning the P layers and the N layers to be
separated by a first interval; and forming I layers covering the
P layers and the N layers on the conductive layer and filling
between the P layers and the N layers to separate them.

The alternately forming of the P layers and the N layers
may be performed using a mask.

The patterning of the P layers and the N layers may be
performed using laser scribing or wheel scribing.

The patterning of the P layers and the N layers may be
performed using chemical etching.

The patterning of the P layers and the N layers may include
selectively etching a conductive layer along with the P layers
and the N layers for the P layers and the N layers to be
separated by a first interval of 0.3 um to 2 um.

The patterning of the P layers and the N layers may include
forming unit cells separated from each other by a second
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interval that 1s wider than the first interval when defining the
P layers and the N layers that are separated by the first interval
as unit cells.

The patterning of the P layers and the N layers may include
arranging the unit cells 1n a plurality of columns according to
the first direction on the substrate, and selectively etching the
P layer, the N layer, and the conductive layer for the unit cells
to be separated by a third interval that 1s wider than the first
interval.

The alternately forming of the P layers and the N layers
may further include forming a depletion layer between the
unit cells that are separated from each other when defining the
P layers and the N layers that are separated by the first interval
as unit cells.

A photovoltaic device according to an embodiment of the
present invention includes: a first cell including a lower first
conductive layer, a first light absorption layer, and an upper
second conductive layer sequentially deposited on a sub-
strate; and a second cell neighboring the first cell and includ-
ing alower second conductive layer, a second light absorption
layer, and an upper first conductive layer sequentially depos-
ited on the substrate, wherein the first light absorption layer
and the second light absorption layer are formed at the same
layer and are connected each other.

The lower first conductive layer of the first cell and the
lower second conductive layer of the second cell may be
separated from each other, and a light absorption layer may be
turther included.

The upper second conductive layer of the first cell and the
upper first conductive layer of the second cell may be formed
with the same layer as the first and second light absorption
layers, and may be electrically disconnected each other.

A depletion region formed between the upper second con-
ductive layer of the first cell and the upper first conductive
layer of the second cell may be further included.

An electrode portion formed between the upper second
conductive layer of the first cell and the upper first conductive
layer of the second cell may be further included.

The electrode portion may include protrusions and depres-
s1ons, and a flat portion, and the width of the flat portion may
be substantially equal to or less than the width between the
lower first conductive layer of the first cell and the lower
second conductive layer of the second cell.

The upper second conductive layer of the first cell and the
upper first conductive layer of the second cell may be formed
with the same layer as the first and second light absorption
layers, and are separated from each other.

A non-conductive member formed between the upper sec-
ond conductive layer of the first cell and the upper first con-
ductive layer of the second cell may be further included.

A first electrode formed between the substrate, and the
lower first conductive layer of the first cell and the lower
second conductive layer of the second cell, may be further
included.

A second electrode formed between the upper second con-
ductive layer of the first cell and the upper first conductive
layer of the second cell, and on a portion therebetween, may
be further included.

The two neighboring cells may be connected by the first
clectrode when the first cell and the second cell connected by
the second electrode are a pair of cells.

The lower first conductive layer and the lower second con-
ductive layer may be maintained between two neighboring
pairs of cells.

A manufacturing method of a photovoltaic device accord-
ing to an embodiment of the present invention includes: form-
ing a lower first conductive layer and a lower second conduc-
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4

tive layer on a substrate; forming a light absorption layer on
the lower first conductive layer and the lower second conduc-
tive layer; forming an upper first conductive layer and an
upper second conductive layer on the light absorption layer;
forming an upper electrode on the upper first conductive layer
and the upper second conductive layer; and patterning the
upper electrode layer, the upper first conductive layer, the
upper second conductive layer, and the light absorption layer
to form a first cell and a second cell forming a pair of cells
connected by the upper electrode layer.

The method may further include forming a lower electrode
on the substrate before forming the lower first conductive
layer and the lower second conductive layer on the substrate.

The pair of cells including the first cell and the second cell
may be connected by the lower electrode.

The lower first conductive layer and the lower second con-
ductive layer may be maintained between the pair of cells
including the first cell and the second cell.

The forming of the lower first conductive layer and the
lower second conductive layer on the substrate may include
forming a first semiconductor layer on the substrate, respec-
tively injecting a first impurity and a second impurity having,
an opposite polarity to that of the first impurity to two neigh-
boring regions of the first semiconductor layer by using a
mask, and patterning the first semiconductor injected with the
first impurity and the second impurity.

The forming of the lower first conductive layer and the
lower second conductive layer on the substrate may include
selectively forming a semiconductor including the first impu-
rity at the first region on the substrate and a semiconductor
including the second impurity at the second region on the
substrate by using a mask.

A depletion region may be formed between the upper first
conductive layer and the upper second conductive layer.

The method may further include removing a portion of the
region between the upper first conductive layer and the upper
second conductive layer, and forming a non-conductive
member before forming the upper first conductive layer and
the upper second conductive layer on the light absorption
layer.

The forming of the upper first conductive layer and the
upper second conductive layer on the light absorption layer
may include forming a second semiconductor layer on the
light absorption layer, and respectively 1njecting a first impu-
rity and a second impurity having an opposite polarity to that
of the first impurity to two neighboring regions of the first
semiconductor layer by using a mask. The forming of the
upper first conductive layer and the upper second conductive
layer on the light absorption layer may include selectively
forming a semiconductor including the first impurity at the
first region on the substrate and a semiconductor including the
second impurity at the second region on the substrate by using
a mask.

According to the present imnvention, the number of laser
scribes may be reduced, thereby reducing the manufacturing
cost of the solar cell and improving the interface characteris-
tic of the solar cell, and as a result the efficiency of the
photovoltaic device may be increased.

Also, light absorption layers between the neighboring cells
are connected thereby improving photo-efficiency, and the
light absorption layers are filled in the separation spaces
between the neighboring cells such that impurity adhesion or
chemical contamination that may be generated during the
process 1s prevented, thereby suppressing a leakage current of
the side surface thereof. Also, the connection electrode
between the cells 1s not floated on the light absorption layer,
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but contacts the light absorption layer such that mechanical
durability of the connection electrode may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s atop plan view of a photovoltaic device according,
to an embodiment of the present invention.

FIG. 2 1s a cross-sectional view taken along the line II-1I'
shown in FIG. 1.

FIG. 3 to FIG. 6 are cross-sectional views showing a manu-
facturing method of a photovoltaic device according to an
embodiment of the present invention.

FIG. 7 1s a cross-sectional view o a photovoltaic device
according to another embodiment of the present invention.

FIG. 8 and FIG. 9 are top plan views showing a structure
forming an electrode 1n a photovoltaic device according to an
embodiment of the present invention.

FIG. 10 1s a cross-sectional view for explaining a photo-
voltaic device for a solar cell according to another embodi-
ment of the present invention.

FIG. 11 1s a cross-sectional view for explaining a photo-
voltaic device for a solar cell according to another embodi-
ment of the present invention.

FIG. 12 to FIG. 14 are cross-sectional views showing a
manufacturing method of a photovoltaic device for a solar cell
according to another embodiment of the present invention.

FI1G. 15 and FIG. 16 are cross-sectional views for explain-
ing a photovoltaic device for a solar cell according to another
embodiment of the present invention.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

L1

The present invention will be described more fully herein-
alter with reference to the accompanying drawings, 1n which
embodiments of the invention are shown. However, the
present invention 1s not limited to embodiments described
herein, and may be embodied in other forms. Rather, embodi-
ments described herein are provided to thoroughly and com-
pletely understand the disclosed contents and to suificiently

transfer the 1deas of the present invention to a person of

ordinary skill 1n the art.

In the drawings, the thicknesses of layers and regions are
exaggerated for clarity. It 1s to be noted that when a layer 1s
referred to as being “on” another layer or substrate, it can be
directly formed on the other layer or substrate or can be
formed on the other layer or substrate with a third layer
interposed therebetween. Like constituent elements are
denoted by like reference numerals throughout the specifica-
tion.

FIG. 1 1s a top plan view of a solar cell according to an
embodiment of the present invention. FIG. 2 1s a cross-sec-
tional view taken along the line II-II' shown 1n FIG. 1.

Referring to FIG. 1 and FIG. 2, a transparent conductive
layer 110 1s formed on a substrate 100. An upper surface of the
transparent conductive layer 110 1s textured.

The texturing means that, for the purpose of increasing a
valid light amount absorbed to the mside of the solar cell by
reducing light amount reflected from the solar cell surface,
the upper surface of the first transparent conductive film 110
1s formed with periodic pyramidal structures, for example
within a size of 10 um by undergoing an etching process.

The transparent conductive layer 110 may be made of

SnO,, ZnO:Al, ZnO:B, indium tin oxide (ITO), or indium
zinc oxide (IZ0) in one example.

P layers 120q including impurities of a P type and N layers
1206 including impurities of an N type are alternately formed
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6

in a first direction D on the transparent conductive layer 110.
The first direction D may be defined as a direction that the
carriers are moved, that 1s, the direction that the electric field
generated for the solar cell by absorbing the light 1s moved.

The P layers 120a may be made of one of boron-doped
amorphous silicon (a-S1), amorphous silicon carbide (a-S1C),
and microcrystalline silicon (mc-S1). The N layers 12056 may
be made of one of phosphorus-doped amorphous silicon
(a-S1), amorphous silicon carbide (a-S1C), and microcrystal-
line silicon (mc-S1).

An I layer 130 covering the P layers 120a and the N layers
1205 1s formed on the transparent conductive layer 110. The
I layer 130 1s made of an intrinsic semiconductor, functions as
a light absorption layer, and generates an electric field to form
a path through which the carrier 1s moved from the P layer
120a to the N layer 1205.

Each P layer 120q and N layer 1205 are separated from
each other with a first interval W1 therebetween, and the I
layer 130 1s formed 1n the first interval W1. Accordingly, 1n
the solar cell according to an embodiment of the present
invention, a P layer 120q, the I layer 130, and an N layer 1205
form a unit cell UC 1n a lateral direction. In the unit cell UC,
the upper surface and the side surfaces of the P layer 120aq and
the N layer 1205 are enclosed by the I layer 130. The I layer
130 1s made of amorphous silicon, thereby protecting the
surfaces of the P layer 120a and the N layer 1205, functions as
an 1nsulator thereby preventing a leakage current, and
improves the interface characteristic, thereby improving the
elficiency of the solar cell.

In one example, the first interval W1 1s 1n the range of 0.3
um to 2 um. When the I layer 130 1s formed of the amorphous
silicon, 1f the first interval W1 1s less than 0.3 um, the light
conversion elliciency may be reduced by electron-hole
recombination. When the I layer 130 1s formed of the amor-
phous silicon, 1t 1s preferable that the first interval W1 1s less
than 2 um. However, when the degree of crystallization of the
I layer 130 1s improved to the degree of monocrystallinity, 1t
1s possible for the first interval W1 to be more than 2 um.

The unit cell UC 1s formed along the first direction D, the
transparent conductive layer 110 1s not formed between the P
layer 120a and the N layer 12056 1n the unit cell UC, and the I
layer 130 1s filled therein.

The unit cells UC formed according to the first direction DD
are electrically connected to each other through the transpar-
ent conductive layer 110. In detail, the neighboring unit cells
UC according to the first direction D have a second interval
W2 therebetween. In the portion connecting the neighboring
unit cells UC, the transparent conductive layer 110 formed
under the P layer 120a and the N layer 1205 1s not discon-
nected. The second interval W2 may be relatively wider than
the first interval W1. In the connection portion of the unit cells
UC that are connected through the transparent conductive
layer 110, the interval W2 between the P layer 120a and the N
layer 1205 1s relatively wider than the interval W1 between
the P layer 120a and the N layer 1205 1n each unit cell UC
such that the P layer 120q and the N layer 1205 form a PIN
diode through the I layer 130. In another embodiment, the P
layer 120a and the N layer 1206 overlap each other and are
doped on the portion connecting the neighboring unit cells
UC, thereby being formed as a depletion layer. The depletion
layer represents a non-conductive layer.

In one example, the second interval W2 is in therange of 10
um to 100 um.

The unit cells UC formed on the substrate 100 are disposed
in a plurality of columns along the first direction D. The unit
cells UC respectively formed 1n neighboring columns are
separated from each other by a third interval W3. The third
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interval W3 1s larger than the interval W1 between the P layer
120a and the N layer 12056 1n the unit cell UC so as to not
generate an interaction between the neighboring unit cells UC
disposed 1n a direction 1ntersecting the first direction D.

In one example, the third mnterval W3 may be in the range
of 10 um to 100 um. A rear conductive layer 140 1s formed on
the I layer 130. The rear conductive layer 140 may be made of
indium tin oxide (ITO) or indium zinc oxide (IZ0) 1n one
example. The surface of the rear conductive layer 140 1s
textured. The rear conductive layer 140 functions to increase
the light absorption rate by increasing a path through which
the light 1s absorbed.

A reflective layer 150 1s formed on the rear conductive
layer 140. In an embodiment of the present invention, the rear
conductive layer 140 and the reflective layer 150 function as
an electrode 1n the solar cell of the vertical type. However, the
current flows 1n the sequence of the transparent conductive
layer 110, the P layer 1204, the Ilayer 130, the N layer 1205,
and the transparent conductive layer 110 1n the horizontal
direction such that the reflective layer 150 does not function
as the electrode 1n an embodiment of the present invention,
but functions to retlect the incident light through the substrate
100.

FI1G. 3 to FIG. 6 are cross-sectional views showing a manu-
facturing method of a solar cell according to an embodiment
ol the present 1nvention.

Referring to FIG. 3, a transparent conductive layer 110 1s
deposited on a substrate 100. The transparent conductive
layer 110 may be made of SnQO,, ZnO:Al, ZnO:B, indium tin
oxide (ITO), or indium zinc oxide (1Z0). The upper surtace of
the transparent conductive layer 110 1s etched to texture the
upper surface. P layers 120a and N layers 1205 are alternately
formed according to a first direction D on the transparent

conductive layer 110. Next, various methods of alternately
forming the P layer 120a and the N layer 1206 will be

described in detail.

First, to alternately form the P layer 1204 and the N layer
1205, first regions and second regions that are alternately
disposed according to the first direction D are defined on the
transparent conductive layer 110. Next, the P layers 120a are
deposited 1n the first regions after covering the second regions
by using a mask. In one example, the P layers 120a may be
deposited through plasma enhanced chemical vapor deposi-
tion (PECVD). Next, the N layers 12056 are deposited in the
second regions alter covering the first regions by using a
mask. The N layers 12056 may also be deposited through
plasma enhanced chemical vapor deposition (PECVD).

In another method, an amorphous silicon layer is firstly
formed on the transparent conductive layer 110, and P-type
ions are injected on the whole surface of the amorphous
silicon layer. Next, a portion where the P layers 120a will be
formed 1s covered and a portion where the N layers 1206 will
be formed 1s exposed by using a mask, and an N-type impurity
1s injected with a high concentration and thereby the P layers
120a and the N layers 12056 are alternately formed.

In another method, an amorphous silicon layer is first
formed on the transparent conductive layer 110, a portion
where the N layers 1206 will be formed 1s covered and a
portion where the P layers 120a will be formed 1s exposed by
using a mask, and the P-type impurity 1s injected to form the
P layers 120a. Next, the portion where the P layers 120a will
be formed 1s covered and the portion where the N layers 1205
will be formed 1s exposed by using a mask, and the N-type
impurity 1s injected to form the N layers 1205.

In another method, an amorphous silicon layer doped with
the P-type impurity 1s deposited on the transparent conductive
layer 110 through plasma enhanced chemical vapor deposi-
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tion (PECVD). Next, a mask 1s disposed on the amorphous
silicon layer doped with the P-type impurity to cover the
portion where the P layers 120a will be formed, and N-type
ions are ijected to form the N layers 1205. The layer of the P
type 1s changed to the I layer according to the injection of the
N-type 10ns, and 1s then changed to the N-type layer. Accord-
ingly, the P layers 120a and the N layers 12056 may be alter-
nately formed according to the first direction D.

FIG. 4 1s a cross-sectional view explaiming a method for
alternately forming the P layers 120a and the N layers 1205
according to another embodiment.

Referring to FI1G. 1 and FIG. 4, depletion layers d between
the unit cells UC are formed with the second interval W2.
When forming the P layers 120aq and the N layers 1205 by
using the plasma enhanced chemical vapor deposition
(PECVD) or the 10n injection method, the P layers 120a and
the N layers 1200 may be formed to overlap each other 1n the
portion where the unit cells UC1 and the unit cells UC2 are
connected to each other. I the portion where the unit cells UC
are connected 1s formed as an electrically non-conductive
depletion layer, 1t 1s not necessary for the portion connecting
the unit cells UC to be subsequently removed by using laser
scribing.

Next, as shown in FIG. 5, the P layers 120q and the N layers
1205 are patterned to separate the P layers 120aq and N layers
1206 neighboring each other by a predetermined interval.
Patterning the P layers 120a and the N layers 1205 1s a process
of connecting the electrodes while forming the unit cells UC.
In one example, the region where the P layer 120q and the N
layer 1206 neighbor each other may be patterned by laser
scribing, wheel scribing, or chemical etching.

In the unit cell UC, the P layer 120a and the N layer 1206
are patterned to have the interval W1. The first interval W1 1s
formed to be 1 the range 01 0.3 um to 2 um. The umt cells UC
formed according to the first direction D are patterned for the
interval therebetween to be the second interval W2. The sec-
ond interval W2 may be wider than the first interval W1. The
second interval W2 may be 1n the range of 10 um to 100 um.

The transparent conductive layer 110 may be selectively
patterned at the same time as the P layer 120q and the N layer
1205. In detail, as shown 1n FIG. 5, 1n the case of the portion
where the unit cell UC1 and the unit cell UC?2 are connected,
the transparent conductive layer 110 1s left as 1t 1s, and the
regions neighboring the P layer 120q and the N layer 1205 1n
cach unit cell UC are selectively patterned. Accordingly, the
unit cells UC1 and UC2 are electrically connected to each
other through the transparent conductive layer 110. In the
regions consisting of the unit cells UC1 and UC2, the trans-
parent conductive layer 110 1s simultaneously patterned
along with the P layer 120q and the N layer 12056. When using
laser scribing, the wavelength and the output of the laser are
controlled for etching, and an appropriate etchant 1s selected
when using the chemical etching process, so 1t 1s thereby
possible to execute the above-explained patterning.

The unit cells UC formed on the substrate 100 are disposed
along the first direction D with the plurality of columns. The
umt cells UC are patterned to have the third interval W3
between the unit cells UC formed 1in neighboring columns.
The third interval W3 is relatively wider than the first interval
W1 so as to not generate an interaction between neighboring
unit cells UC. The third interval W3 may be in the range o1 10
um to 100 um.

Referring to FIG. 6, an I layer 130 covering the P layer
120a and the N layer 1205 1s deposited on the transparent
conductive layer 110. The I layer 130 may be made of amor-
phous silicon. The I layer 130 may be formed through plasma
enhanced chemical vapor deposition (PECVD).
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The deposited I layer 130 functions as a light absorption
layer, and the P layer 120q, the I layer 130, and the N layer
1206 are connected to form a diode according to the side
direction.

A rear conductive layer 140 1s formed on the I layer 130.
The upper surface of the rear conductive layer 140 may be
etched, thereby forming a texture. The rear conductive layer
140 increases a path through which the light 1s absorbed,
thereby increasing the light absorption rate.

A retlective layer 150 1s deposited on the rear conductive
layer 140 as shown 1n FIG. 2, thereby forming the solar cell
shown 1n FIG. 1.

FIG. 7 1s a cross-sectional view showing a solar cell
according to another embodiment of the present invention.

A solar cell of a substrate structure will now be explained.
Light 1s incident through the substrate 1n the solar cell of the
superstrate structure, however the light 1s incident on the side
opposite to the substrate in the solar cell of the substrate
structure. Herealter, referring to FIG. 7, the solar cell of the
substrate structure according to the current embodiment of
the present invention will be described.

The solar cell of the substrate structure according to an
embodiment of the present mvention has the same planar
shape as the solar cell of the superstrate according to an
embodiment of the present imnvention, and FIG. 1 i1s again
referred to. However, the reference numerals 100 of the sub-
strate and 130 of the I layer of FIG. 1 are replaced with the
reference numerals 200 for the substrate and the 230 for the I
layer 1n the solar cell of the superstrate structure according to
the current embodiment of the present invention.

Referring to FIG. 1 and FIG. 7, areflecting electrode layer
210 1s formed on a substrate 200. P layers 220a including
impurities of a P type and N layers 22056 including impurities
of an N type are alternately formed along a first direction D on
the retlecting electrode layer 210. The first direction D may be
defined as a direction 1n which the carriers are moved, that 1s,
the direction that the electric field generated for the solar cell
by absorbing the light 1s moved.

An I layer 230 covering the P layers 220a and the N layers
22056 are formed on the reflecting electrode layer 210. The 1
layer 230 1s made of an intrinsic semiconductor, and 1s a path
through which the carriers are moved from the P layer 220a to
the N layer 22056 by generating the electric field to the light
absorption layer.

In the solar cell according to an embodiment of the present
invention, the reflecting electrode layer 210 1s used as the
clectrode of the N layer 22056 1n the P layer 220a, and simul-
taneously functions as the reflective layer. The retlecting elec-
trode layer 210 may be made of a metal material.

The P layers 220q including impurities of a P type and the
N layers 2206 including impurities of an N type are alter-
nately formed along the first direction D on the reflecting
clectrode layer 210. The first direction D may be defined as a
direction that the carriers are moved, that 1s, the direction that
the electric field generated for the solar cell by absorbing the
light 1s moved.

An Ilayer 230, covering the P layers 220q and the N layers
2200, 1s Tormed on the reflecting electrode layer 210. The 1
layer 230 1s made of an intrinsic semiconductor, and 1s a path
through which the carriers are moved from the P layer 220a to
the N layer 2205 by generating the electric field to the light
absorption layer.

Each P layer 220a and N layer 2205 are separated by the
first interval W1 therebetween, and the I layer 230 1s formed
in the first mnterval W1. Accordingly, 1n the solar cell of the
substrate structure according to an embodiment o the present
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invention, the P layer 220q, the I layer 230, and the N layer
22056 form unit cells UC along the side, like the solar cell of
the superstrate structure.

In the unit cells UC, the upper surface and the side surfaces
of the P layer 220q and the N layer 22056 are enclosed by the
I layer 230. The I layer 230 1s made of an amorphous layer
such that 1t functions as a surface passivation layer of the P
layer 220a and the N layer 2205, prevents a leakage current,
and improves the iterface characteristic, thereby improving
the efliciency of the solar cell.

Theunit cells UC are formed along the first direction D, the
reflecting electrode layer 210 1s not formed between the P
layer 220a and the N layer 22056 1n the unit cell UC, and the I
layer 230 1s filled therein.

The unit cells UC formed according to the first direction DD
are electrically connected to each other through the reflecting
clectrode layer 210. In detail, the umt cells UC neighboring
cach other along the first direction D are separated by the
second mnterval W2. In the portion connecting the neighbor-
ing unit cells UC, the reflecting electrode layer 210 formed
under the P layer 220a and the N layer 2205 1s not discon-
nected. The second interval W2 may be wider than the first
interval W1. Accordingly, 1n the connection portion of the
unit cells UC that are connected by the reflecting electrode
layer 210, the interval W2 between the P layer 220aq and the N
layer 22056 1s wider than the interval W1 between the P layer
220a and the N layer 2205 1n each unit cell UC such that the
P layer 220a and the N layer 2205 form a PIN diode through
the I layer 230.

The unit cells UC formed on the substrate 200 are disposed
in a plurality of columns according to the first direction D.
The unit cells UC respectively formed 1n neighboring col-
umns are separated from each other by a third interval W3.
The third interval W3 1s larger than the interval W1 between
the P layer 220q and the N layer 2205 1n the unit cell UC so as
to not generate an interaction between the neighboring unit
cells UC along the direction intersecting the first direction D.

A reflection prevention layer 250 1s formed on the I layer
230. In the solar cell of the superstrate structure, the light 1s
incident on the opposite side of the substrate 200, and the
reflection prevention layer 250 protects the I layer 230 and
does not reflect the incident light toward the I layer 230, and
thus the reflection prevention layer 250 has the function of
increasing the light absorption rate. In the solar cell of the
superstrate structure according to an embodiment of the
present invention, 1t 1s not necessary to additionally form the
connection electrode on the reflection prevention layer 250
such that the problem that the area receiving the light 1s
decreased by the connection electrode 1s solved, thereby
increasing the light absorption rate.

FIG. 8 and FIG. 9 are top plan views showing a structure
forming an electrode 1n a photovoltaic device according to an
embodiment of the present invention.

Retferring to FIG. 8 and FIG. 9, the unit cells UC are
basically connected in series with a zigzag shape. It all cells
are connected 1n series under a module formation, an effi-
ciency deterioration may occur when generating dead cells or
deteriorated cells, and the solar cell may not operate 1n a
SErious case.

Accordingly, in the solar cell according to an embodiment
of the present invention, connectors 300 and 400 connected to
the edge of the transparent conductive layer are connected in
parallel to several regions under the modulation process such
that a short caused by dead cells and deteriorated cells, and
consequent efficiency deterioration, may be prevented.

Also, the output voltage/current may be controlled accord-
ing to the method of forming the connectors 300 and 400.
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According to embodiments of the present mvention, 1t 1s
possible for the electrode and the unit cell to be formed
through one patterning process such that interface defects and
pattern deteriorations generated through the patterning pro-
cess may be solved.

FIG. 10 1s a cross-sectional view for explaining a photo-
voltaic device for a solar cell according to another embodi-
ment of the present invention.

Referring to FIG. 10, a front electrode 520 1s formed on a
substrate 510. The substrate 510 1s a hard substrate or a
flexible substrate. For example, when the substrate 1s a hard
substrate, it may include a glass plate, a quartz plate, a silicon
plate, a plastic plate, or a metal plate. In another embodiment,
when the substrate 1s a flexible substrate, it may include a
metal sheet or a plastic sheet. As an example, the metal sheet
may be a stainless sheet or aluminum foil.

The incident solar light 1s transmitted through the front
clectrode 520, which 1s made of a transparent conductive
material having conductivity. Generally, the front electrode 1s
made of a material that minimizes the deterioration of light
transmittance and that has low resistivity and good surface
roughness, such as a transparent conductive oxide (TCO) like
/n0:Al, ZnO:B, Sn0O,, and I'TO. To increase the efficiency of
the incident light, texture of a predetermined height and size
may be formed on the surface of the front electrode 520, for
example by etching.

A lower first conductive layer 531 and a lower second
conductive layer 332 having an opposite polarity to that of the
lower first conductive layer 531 and that neighbor each other
are formed on the front electrode 520. The lower first con-
ductive layer 331 and the lower second conductive layer 532
are separated from each other through a patterning process. A
contact hole 534 exposing the substrate 510 by passing
through the front electrode 520 1s formed between the lower
first conductive layer 531 and the lower second conductive
layer 532.

A light absorption layer 540 made of an intrinsic semicon-
ductor matenial 1s formed on the lower first conductive layer
531 and the lower second conductive layer 532. Here, the
light absorption layer 540 1s connected with the substrate 510
through the contact hole 534, and separates the lower first

conductive layer 531 and the lower second conductive layer
532 from each other.

An upper second conductive layer 536 and an upper first
conductive layer 537 respectively corresponding to the lower
first conductive layer 531 and the lower second conductive
layer 532 are formed at the same layer on the light absorption
layer 540 to neighbor each other. A region where the upper
second conductive layer 336 and the upper first conductive
layer 537 neighbor each other becomes a depletionregion 5335
by combining the electrons and holes of the impurities that
have the different polarities and are injected to the upper
second conductive layer 536 and the upper first conductive
layer 537, and 1s non-conductive. It 1s possible for the deple-
tion region 535 to be replaced with an insulating member
made of an organic material.

A rear electrode 550 1s formed on the upper second con-
ductive layer 336, the depletionregion 535, and the upper first
conductive layer 537. The rear electrode 550 includes protru-
sions and depressions 552 and a flat portion 351, and the
width of the flat portion 551 corresponds to the width of the
contact holes 534 such that 1t 1s substantially equal to or less
than the width of the contact holes 534. The rear electrode 550
1s generally made of a maternial such as silver (Ag), and a
reflective layer (not shown) may be included between the
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upper second conductive layer 536, the depletion region 535,
and the upper first conductive layer 537, and the rear electrode
550.

When a first cell 571 and a second cell 572 connected
through the rear electrode 550 are referred to as a pair of cells,
two neighboring pairs of cells are connected by the front
clectrode 520.

In this way, the first cell 571 made of the lower first con-
ductive layer 331, the light absorption layer 540, and the
upper second conductive layer 536, and the second cell 572
made of the lower second conductive layer 532, the light
absorption layer 540, and the upper first conductive layer 537,
are formed with the same layer such that a cell having the
same ellect as the vertical deposition structure such as 1n
tandem or triplet may be formed by being horizontally depos-
ited. Particularly, the light absorption layer 540 1s formed 1n
the contact hole 534 between the lower first conductive layer
531 and the lower second conductive layer 532, and 1s con-
nected on the boundary of the first cell 571 and the second cell
572 such that leakage current of the cell side generated by the
adhesion of an impurity or chemical contamination may be
reduced. Also, the light absorption layer formed on the
boundary between two neighboring cells functions as a sup-
plying source of the carriers such that the lifetime of the
minority carrier of the cell increases, thereby improving the
light efficiency.

Also, the connection electrode between the neighboring
cells 1s disposed on the depletion region 335 formed between
the upper second conductive layer 536 of the first cell 571,
and the upper first conductive layer 537 of the second cell 572
1s not floated but 1s contacted with the lower layer, such that
the mechanical durability may be improved.

FIG. 11 1s a cross-sectional view for explaining a photo-
voltaic device for a solar cell according to another embodi-
ment of the present invention.

Referring to FIG. 11, a rear electrode 620 1s formed on a
substrate 610.

The surface of the substrate 610 may include protrusions
and depressions to increase the reflection efficiency of solar
light.

The rear electrode 620 1s made of a metal having high
reflectance, such as Mo.

A lower first conductive layer 631 and a lower second
conductive layer 632 having an opposite polarity to that of the
lower first conductive layer 631 and that neighbor each other
are formed on the rear electrode 620. The lower first conduc-
tive layer 631 and the lower second conductive layer 632 are
separated from each other through a patterning process. A
contact hole 634 exposing the substrate 610 by passing
through the rear electrode 620 1s formed between the lower
first conductive layer 631 and the lower second conductive
layer 632.

A light absorption layer 640 made of an intrinsic semicon-
ductor material 1s formed on the lower first conductive layer
631 and the lower second conductive layer 632. Here, the
light absorption layer 640 1s connected with the substrate 610
through the contact hole 634, and separates the lower first
conductive layer 631 and the lower second conductive layer
632 from each other.

An upper second conductive layer 636 and an upper first
conductive layer 637 respectively corresponding to the lower
first conductive layer 631 and the lower second conductive
layer 632 are formed with the same layer on the light absorp-
tion layer 640 to neighbor each other. The region where the
upper second conductive layer 636 and the upper first con-
ductive layer 637 neighbor each other becomes a depletion
region 635 by combining the electrons and holes of impurities
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that have different polarities and are 1njected into the upper
second conductive layer 636 and the upper first conductive
layer 637, and 1s non-conductive. It 1s possible for the deple-
tion region 635 to be replaced by an insulating member made
ol an organic material.

A Tront electrode 650 1s formed on the upper second con-
ductive layer 636, the depletionregion 635, and the upper first
conductive layer 637. A reflection prevention layer (not
shown) may be included between the upper second conduc-
tive layer 636, the depletion region 635, and the upper first
conductive layer 637, and the front electrode 650. The retlec-
tion prevention layer may be made of at least one material of
s1licon nitride, titanium oxide, and MgF?2.

When a first cell 671 and a second cell 672 connected
through the rear electrode 650 are referred to as a pair of cells,
two neighboring pairs of cells are connected by the rear
clectrode 620.

FIG. 12 to 14 are cross-sectional views showing a manu-
facturing method of a photovoltaic device for a solar cell
according to another embodiment of the present invention.

FI1G. 12 1s a cross-sectional view showing a step of forming,
a Tront electrode 720 on a substrate 710.

Referring to FI1G. 12, a front electrode layer 721 1s formed
on the substrate 710.

As an example, the front electrode layer 721 1s formed
through physical vapor deposition. The front electrode layer
721 1s made of a material that 1s transparent and has conduc-
tivity, such as ZnO:Al, ZnO:B, SnO2, and indium tin oxide
(ITO). To increase the efficiency of incident light, 1t 1s pred-
crable that the surface thereof 1s textured to a predetermined
height and size. For example, the texture may include an
embossing pattern, protrusions and depressions, protrusions,
recesses, grooves, or a prism pattern.

The front electrode layer 721 1s patterned to form the front
clectrode 720. The patterming method may use laser scribing.

FI1G. 13 1s a cross-sectional view showing a step of forming,
a lower first conductive layer 731 and a lower second con-
ductive layer 732 on the front electrode 720 formed by pat-
terming the front electrode layer 721 shown 1n FIG. 12.

Referring to FIG. 13, the lower first conductive layer 731
and the lower second conductive layer 732 are formed to
neighbor each other on the front electrode 720. Here, chemi-
cal vapor deposition may be used. A predetermined region 1s
exposed by using a hard mask (not shown), and a thin film 1s
deposited by using a deposition gas including a first impurity
to thereby selectively form the lower first conductive layer
731 on the predetermined region. Next, a region adjacent to
the lower first conductive layer 731 1s exposed by using a hard
mask, and a thin film 1s deposited by using a deposition gas
including a second impurity having the opposite polarity to
that of the first impurity, thereby selectively forming the
lower second conductive layer 732 on the region adjacent to
the lower first conductive layer 731. A region 733 that 1s not
doped with an impurity may be present between the lower
first conductive layer 731 and the lower second conductive
layer 732.

As another method of forming the lower first conductive
layer 731 and the lower second conductive layer 732, an
intrinsic semiconductor layer that does not include an 1mpu-
rity 1s formed on the front electrode 720, and impurities
having different polarities are injected to the neighboring
regions by using a hard mask.

As another method of forming the intrinsic semiconductor
layer that does not include the impurity on the front electrode
720, a laser 1s wrradiated to the semiconductor layer under a
gas atmosphere including an impurity such as PH3 or B2H6
such that the impurity in the gas atmosphere 1s reacted,
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thereby forming the lower first conductive layer 731 and the
lower second conductive layer 732.

After forming the lower first conductive layer 731 and the
lower second conductive layer 732, the boundary portion of
the lower first conductive layer 731 and the lower second
conductive layer 732, and the lower front electrode 720, are
removed by using laser scribing such that a plurality of con-
tact holes 734 exposing a portion of the substrate 710 are
tormed. The contact holes 734 may be formed 1n a ditch shape
extending in one direction under the plane surface. Here, the
boundary portions of the lower first conductive layer 731 and
the lower second conductive layer 732 are removed while
skipping one to form the conductive layer with the same
polarity on the right side and the left side with respect to the
contact holes 734.

FIG. 14 1s a cross-sectional view showing formation of a
light absorption layer 740, an upper second conductive layer
736, and an upper first conductive layer 737, as well as a rear
clectrode 750.

Referring to FIG. 14, the light absorption layer 740 1s
formed on the substrate 710 formed with the front electrode
720, the lower first conductive layer 731, and the lower sec-
ond conductive layer 732, and in the contact holes 734,
through chemical vapor deposition. Next, the upper second
conductive layer 736 and the upper first conductive layer 737
are formed on the light absorption layer 740. Here, the upper
second conductive layer 736 and the upper first conductive
layer 737 having opposite polarities are disposed at positions
corresponding 1n the vertical direction to the lower first con-
ductive layer 731 and the lower second conductive layer 732,
respectively. The method of forming the upper conductive
layers may be the same as the method of forming the lower
conductive layers thereunder. Here, a depletion region 735
may be formed between the upper second conductive layer
736 and the upper first conductive layer 737. In the depletion
region 735, impurities having the different polarities are
injected such that combinations of electron-hole pairs are
formed, and the charge carriers are depleted in this region
such that this region become a region that 1s electrically
disconnected. When the upper second conductive layer 736
and the upper first conductive layer 737 are formed through
the impurity injection using a hard mask, the upper second
conductive layer 736 and the upper first conductive layer 737
are formed to be separated from each other such that the
intrinsic semiconductor region may be formed between the
upper second conductive layer 736 and the upper first con-
ductive layer 737 to thereby obtain the same effects. Also, the
depletion region 735 may be eliminated, or may be replaced
by an imsulating member of an inorganic layer or organic
layer.

A rear electrode 750 1s formed on the substrate formed with
the light absorption layer 740, the upper second conductive
layer 736, the upper first conductive layer 737, and the deple-
tion region 7335. The material for the rear electrode 750 may
be one of Ag, Mo, and Al.

Next, the rear electrode 750, the upper second conductive
layer 736, the upper first conductive layer 737, the light
absorption layer 740, the lower first conductive layer 731, and
the lower second conductive layer 732 are patterned through
laser scribing or photolithography such that a first cell 771
and a second cell 772 are connected by the rear electrode 750
thereby forming a pair, and a structure 1n which pairs of a first
cell 771 and a second cell 772 are only connected by the front
clectrode 720 1s formed.

Accordingly, the first cell including the lower first conduc-
tive layer, the light absorption layer, and the upper second
conductive layer, and the second cell including the lower
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second conductive layer, the light absorption layer, and the
upper first conductive layer are formed with the same layer to
neighbor each other such that a cell having the same effect as
the vertical deposition structure such as tandem or triplet may
be formed by being horizontally deposited. Particularly, the
light absorption layer 1s formed in the contact hole between
the lower first conductive layer and the lower second conduc-
tive layer, and 1s connected on the boundary of the first cell
and the second cell such that leakage current of the cell side
generated by adhesion of an impurity or chemical contami-
nation may be reduced. Also, the light absorption layer
formed on the boundary between two neighboring cells func-
tions as a supplying source of the carrier such that the lifetime
of the minority carrier of the cell increases, thereby improv-
ing the light efficiency.

FIG. 15 and FIG. 16 are cross-sectional views for explain-
ing a photovoltaic device for a solar cell according to another
embodiment of the present invention.

In an embodiment of FIG. 15, compared with the embodi-
ment of FIG. 10, a depletion region formed between the lower
first conductive layer 531 and the lower second conductive
layer 532 1s not removed, but 1s maintained, as well as the
front electrode 520 between the cells 1n which the first cell
571 and the second cell 572 are connected to each other by the
rear electrode 550. Thus, the portion that will be removed
through the laser scribing 1s decreased such that thermal
damage due to the laser 1rradiation may be reduced.

In an embodiment of FIG. 16, compared with the embodi-
ment of FIG. 11, a depletion region formed between the lower
first conductive layer 631 and the lower second conductive
layer 632 1s notremoved, but 1s maintained, as well as the rear
clectrode 620 between the cells 1n which the first cell 671 and
the second cell 672 are connected to each other by the front
clectrode 650. Thus, the portion that will be removed through
the laser scribing 1s decreased such that thermal damage due
to the laser wrradiation may be reduced.

While this invention has been described in connection with
what 1s presently considered to be practical embodiments, 1t 1s
to be understood that the invention 1s not limited to the dis-
closed embodiments, but, on the contrary, 1s intended to cover
various modifications and equivalent arrangements included
within the spint and scope of the appended claims.

What 1s claimed 1s:

1. A photovoltaic device, comprising:

a substrate;

a first conductive layer on the substrate;

P layers and N layers alternately arranged along a first
direction on the first conductive layer, the P layers and
the N layers being separated from each other along the
first direction by a first interval, and the first interval
extending through the first conductive layer; and

I layers covering the P layers and the N layers on the first
conductive layer, the I layers being in the first interval
between the P layers and the N layers, and the P layers,
the I layers, and the N layers along the first direction
defining umit cells, each unit cell separated by a second
interval that extends between P and N layers of adjacent
unit cells.

2. The photovoltaic device of claim 1, wherein the first
direction 1s the same as a direction 1n which carriers are
moved.

3. The photovoltaic device of claim 1, wherein the first
interval 1s 1n the range of about 0.3 um to about 2 um.

4. The photovoltaic device of claim 1, wherein the unit cells
are electrically and directly connected to each other through
the first conductive layer.
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5. The photovoltaic device of claim 4, wherein the unit cells
are separated from each other along the first direction by a
second interval that 1s wider than the first interval.

6. The photovoltaic device of claim 5, wherein the unit cells
are arranged into a plurality of columns along the first direc-
tion, adjacent unit cells within each column being separated
from each other along the first direction by the second 1nter-
val, and unit cells 1n neighboring columns being separated
from each other along a second direction perpendicular to the
first direction by a third interval that 1s wider than the first
interval.

7. The photovoltaic device of claim 1, wherein the P layers
and the N layers include at least one of amorphous silicon
(a-S1), micro-crystalline silicon (imc-S1), and amorphous sili-
con carbide (a-S1C).

8. The photovoltaic device of claim 1, wherein the I layers
include amorphous silicon (a-S1) or amorphous silicon ger-
mamum (a-S1Ge).

9. The photovoltaic device of claim 1, wherein the first
conductive layer includes a transparent conductive layer or a
reflective layer.

10. The photovoltaic device of claim 1, further comprising

a second conductive layer on the I layers.

11. The photovoltaic device of claim 1, wherein the I layers
extend to cover upper surfaces of the P and N layers and to fill
the first intervals between respective P and N layers, the first
intervals being within the unit cells.

12. The photovoltaic device of claim 11, wherein each of
the P and N layers 1s between the substrate and the I layer, the
I layer 1n the first intervals contacting the substrate, and the
first interval separating portions of the conductive layer along
the first direction.

13. The photovoltaic device of claim 12, wherein the con-
ductive layer 1s between the substrate and each of the P and N
layers.

14. The photovoltaic device of claim 12, wherein the con-
ductive layer includes a plurality of portions separated from
cach other, each portion of the conductive layer connecting a
P layer of one unit cell to an N layer of an adjacent unit cell.

15. The photovoltaic device of claim 1, wherein each of the
P and N layers 1s between the conductive layer and the I layer,
the I layer extending continuously to overlap five surfaces of
cach of the P and N layers, the I layer contacting the conduc-
tive layer 1n an mterval between adjacent unit cells, and the I
layer contacting the substrate 1n an 1interval between P and N
layers within each unit cell.

16. A method for manufacturing a photovoltaic device, the
method comprising:

forming a conductive layer on a substrate;

forming alternating P layers and N layers along a first

direction on the conductive layer;

patterning the P layers and the N layers to be separated

from each other along the first direction by a first inter-
val, the first interval extending through the first conduc-
tive layer; and

forming I layers covering and separating the P layers and

the N layers on the conductive layer, such that the I
layers are in the first interval between the P layers and
the N layers, and the P layers, the I layers, and the N
layers along the first direction define unit cells, such that
cach umt cell 1s separated by a second interval that
extends between P and N layers of adjacent unit cells.

17. The method of claim 16, wherein:

the forming of the alternating P layers and the N layers 1s

performed using a mask; and
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the patterming of the P layers and the N layers 1s performed
using laser scribing, wheel scribing, or chemical etch-

ng.
18. The method of claim 16, wherein the patterning of the
P layers and the N layers includes selectively etching the
conductive layer along with the P layers and the N layers for
the P layers and the N layers to be separated by the first

interval, the first interval being about 0.3 um to about 2 uM.
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19. The method of claim 18, wherein the patterning of the
P layers and the N layers includes forming unit cells separated
from each other by a second 1nterval that 1s wider than the first
interval when defining the P layers and the N layers that are
separated by the first interval.
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